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We describe herein an efﬁcient and simple method to synthesize 2-organylselanyl pyridines by reactions
of 2-chloropyridines with organylselenols, generated in situ by reaction of diorganyl diselenides, using
glycerol as solvent and hypophosphorous acid (H3PO2) as reducing agent. Using this methodology, a
range of selenium substituted pyridines was obtained in high yields. The system solvent-reducing agent
glycerol/H3PO2 can be easily recovered and reused for ﬁve times without loss of efﬁciency.
 2013 Elsevier Ltd. All rights reserved.NR1 Cl
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Scheme 1. General scheme of the reaction.Pyridines are among the most found heterocyclic units in phar-
maceutically active compounds.1 Pyridine derivatives2 including
nicotinamide (niacin), nicotine, nicotinamide adenine dinucleotide
diphosphate (NADP), and pyridoxine (vitamin B6), for example, oc-
cupy biological key positions.3 In addition, pyridine derivatives are
used as agrochemicals (e.g., picloram)4 and recently in complexes
with magnetic properties.5 Due to their recognized biological activ-
ities, there is a continued interest in the synthesis of functionalized
pyridines and their derivates. Direct nucleophilic aromatic
substitution of halopyridines provides an efﬁcient approach for
the synthesis of functionalized pyridines.6 For example, 2-sulfanyl-
pyridines were efﬁciently synthesized by reaction of 2-halopyri-
dines (Br and Cl) with arylthiols using water as solvent. This
protocol was considered inexpensive and environmentally benign
and the products were easily isolated.6f
However, in the case of selenium analogues, there are few re-
ports on the preparation of 2-selanyl-substituted pyridines,7 and
no protocols involving arylselenols (ArSeH) were described.
Organoselenium compounds are attractive molecules due their
selective reactions8 and the interest in the synthesis of these com-
pounds has increased in the last years because of their biological
activities.9 General methods for the synthesis of 2-selanyl-substi-
tuted pyridines require the use of selenolate anions or transition-
metal cross-coupling reactions using diselenides as a coupling
partner, specially in copper-catalyzed protocols.7 Sometimes, thesell rights reserved.
.
enardão), diego.alves@ufpel.protocols suffer from long reaction times, the necessity for high
temperatures and are suitable for a relatively narrow scope of sub-
strates. Furthermore, there is still an attention in the developing of
simple, selective, and greener methodologies to produce selanyl-
pyridines in high yields.
In this context, the development of methodologies employing
recyclable and environmentally friendly solvents has gained much
interest recently, because of the extensive use of solvents in almost
all of the chemical and pharmaceutical industries, and of the pre-
dicted disappearance of fossil oil.10 Biodegradability, high avail-
ability, no ﬂammability, being obtained from renewable sources
are among the desirable characteristics of a green solvent.11 With
the increase in biodiesel production world-wide, the market satu-
ration of glycerol, a side product of biodiesel production, is inevita-
ble.12 The use of glycerol13 and its eutetics14 as a sustainable
solvent was recently related and a great number of organic reac-
tions were performed using this solvent. More recently, glycerol
proved to be an efﬁcient and recyclable solvent for the synthesis
of a range of organochalcogenium compounds.15
Table 1
Optimization of reaction conditions
1) glycerol
90 °C, 30 min., N2
N
PhSeSePh
N
Cl
SePh
2a
1a
3a
+ H3PO2
2)
Entry H3PO2 (mL) Timea (h) Yieldb (%)
1 1.0 1.5 99
2 0.1 1.5 99
3 0.05 24 75
4 0.01 24 4
5c 0.1 2.0 99
6 — 24 —
a This time include preliminary 30 min of diphenyl diselenide cleavage to in situ
formation of benzeneselenol.
b Determined by CG–MS analysis.
c After generating the benzeneselenol the temperature was allowed to decrease
to rt. Then, 2-chloropyridine was added and the stirring remained at rt for addi-
tional 1.5 h.
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Figure 1. Reuse of system solvent-reducing agent glycerol/H3PO2.
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synthesis of 2-organylselanyl pyridines by reaction of organyl
diselenides with 2-chloropyridines using glycerol as solvent and
hypophosphorous acid (H3PO2) as reducing agent (Scheme 1).
Initially, we chose diphenyl diselenide 1a (0.5 mmol) and 2-
chloropyridine 2a (1.0 mmol) as model substrates to establish
the best conditions for the reaction using glycerol as solvent and
some experiments were preformed to synthesize compound 3a
in satisfactory yield (Table 1). According the literature, diorganyl
diselenides are reduced to the corresponding organyl selenols by
treatment with H3PO2 and this fact encouraged us to use this
reducing agent to obtain in situ the nucleophilic selenium species
of our reaction.16
Thus, a mixture of diphenyl diselenide 1a and 1.0 mL of H3PO2
(50 wt.% in H2O) in glycerol (0.5 mL) was stirred at 90 C for
30 min under N2 atmosphere to afford in situ the benzeneselenol.
After this time, 2-chloropyridine 2a (1.0 mmol) was added in the
reaction vessel and the reaction remained at 90 C for additional
1 h. Under these reaction conditions, the product 3a was obtained
quantitatively (Table 1, entry 1). This excellent result prompted us
to perform this reaction decreasing the quantity of H3PO2 in the
reaction. To our satisfaction, the use of 0.1 mL of H3PO2 furnished
the desired product in the same yield after 1.5 h (Table 1, entry
2). When we used 0.05 and 0.01 mL of H3PO2 a great decrease in
the yield of product 3awas observed. Gratefully, when the reaction
was performed using 0.1 mL of H3PO2 at room temperature, the
corresponding product 3a was obtained in excellent yield after
2.0 h (Table 1, entry 5). When the reaction was carried out without
H3PO2 no product 3a was formed demonstrating the involvement
of H3PO2 in the reaction (Table 1, entry 6). Analysis of the results
shown in Table 1 indicated that the best conditions17 were the pre-
vious reaction of diphenyl diselenide 1a (0.5 mmol) with H3PO2
(0.1 mL) in glycerol (0.5 mL) at 90 C for 30 min under N2 to
in situ formation of benzeneselenol. Following, the reaction mix-
ture was cooled to room temperature and 2-chloropyridine
(1.0 mmol) was added drop wise and the stirring continued until
complete consumption of the starting material. We believe that
the benzeneselenol acts as a nucleophilic species in the direct
nucleophilic aromatic substitution (SNAr), and the glycerol, a polar
protic solvent, possibly exhibits an activation of this reaction. A
similar situation was described by Sreedhar using thiophenols.6f
After reaction optimization, a study regarding the recovering
and reusing of glycerol was performed. Subsequent to the forma-
tion of product 3a, the reaction mixture was diluted and extractedwith a mixture of hexane/ethyl acetate 95:5 (3  5 mL). The upper
phase was dried and the solvent evaporated. The inferior, glycerol
phase, was dried under vacuum and directly reused in a new reac-
tion with diphenyl diselenide 1a at 90 C without the addition of
more H3PO2. To our satisfaction, after 30 min at this temperature,
benzeneselenol was formed in situ and reacted with 2-chloropyri-
dine 2a at rt, furnishing the corresponding product 3a in 96% yield
after 2 h. After this successful experiment, we speculate the possi-
ble reuse of the system solvent/reducing agent for additional cycles
(Fig. 1). It was observed that a good level of efﬁciency was main-
tained even after four reactions. These results showed that the 2-
phenylselanyl pyridine 3a was obtained in 99%, 96%, 95%, 90%,
and 80% yields after successive cycles. After 5 runs, the efﬁciency
of our solvent-reducing agent system decreased and the yield of
compound 3a was only 60% (Fig. 1).
After that, the versatility of our methodology was evaluated, by
reacting other diaryl diselenides 1b–i with 2-chloropyridine 2a
(Table 2). The obtained results reveal that the reaction worked well
with a range of diaryl diselenides tested, affording excellent yields
of the products 3b–i (Table 2, entries 2–9). According to the results,
the reactions are not sensitive to electronic effects in the aromatic
ring on diaryl diselenide. Diaryl diselenides containing both elec-
tron-donating (OMe, Me) or electron-withdrawing groups (Cl, Br,
F, CF3) gave excellent yields of desired arylselanyl pyridines (Table
2, entries 2–9). Extending the scope of this methodology, when the
reaction was performed with dibenzyl diselenide 1j or dibutyl
diselenide 1k, the respective 2-organylselanyl pyridines 3j and
3k were obtained in high yields. However, for these reactions the
temperature of the second step was 90 and 60 C, respectively (Ta-
ble 2, entries 10 and 11).
In addition, under the optimized reaction conditions, the possi-
bility of performing the reaction with other substituted 2-chloro-
pyridines 2b–d was also investigated. Thus, reactions of diphenyl
diselenide 1a with 3-amino-2-chloropyridine 2b and 2,3-dichloro-
pyridine 2c gave good yields of desired products (Table 2, entries
12–13). However, when 2,6-dichloropyridine 2d (1.0 mmol) and
diphenyl diselenide 1a (0.5 mmol) were reacted at 90 C, both
products 2,6-bis(phenylselanyl)pyridine 3n and 2-chloro-6-(phe-
nylselanyl)pyridine were formed in a 68:32 ratio. When the
amount of diphenyl diselenide 2a was increased to 1 mmol and
the temperature was maintained at 90 C for all the reaction times
(steps 1 and 2), only the formation of bis(phenylselanyl)pyridine
3n was observed, however in moderate yield (Table 2, entry 14).
Table 2
Scope and variability of reaction
1) glycerol
N2, 90 ºC r.t.
N
RSeSeR
N
Cl
SeR
2a-d
1a-k
3a-n
+ H3PO2
2)
R2
R1
R1
R2
Entry Diorganyl diselenide 1 Pyridine 2 Timea (h) Product 3 Yieldb (%)
1
Se)2
1a 2a
N Cl 2.0 N Se
3a
96 (87)c
2
Se)2
1b
2a 2.5 N Se
3b
90
3
Se)2
1c
2a 2.5 N Se
3c
93
4
Se)2
1d
2a 2.0 N Se
3d
95
5
Se)2
O
1e
2a 2.0
3e
N Se
O
97
6
Se)2
Cl
1f
2a 2.0 N Se
Cl
3f
92
7
Se)2
Br
1g
2a 2.0 N Se
Br
3g
96
8
Se)2
F
1h
2a 1.5 N Se
F
3h
96
9
Se)2
CF3
1i
2a 2.0
N Se CF3
3i
93
10
1j
Se)2
2a 1.5 N Se
3j
93d
11 1k
Se)2
2a 4.5 N Se
3k
70e
12 1a N Cl
NH2
2b
3.0 N Se
NH2
3l
87
13 1a N Cl
Cl
2c
2.5 N Se
Cl
3m
87d
(continued on next page)
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Table 2 (continued)
Entry Diorganyl diselenide 1 Pyridine 2 Timea (h) Product 3 Yieldb (%)
14 1a N ClCl
2d
5.5 N SeSe
3n
44e,f
a For the two-steps (generation of ArSeH followed by reaction with chloropyridines.
b Yields are given for isolated products.
c Yield in parentheses correspond to reaction performed in 10 mmol scale.
d After the cleavage of diorganyl diselenide at 90 C, the reaction was carried out at 60 C.
e The reaction remained at 90 C after addition of 2d.
f 1 mmol of diphenyl diselenide 1a was used.
3218 S. Thurow et al. / Tetrahedron Letters 54 (2013) 3215–3218In summary, a simple and direct protocol to synthesize 2-orga-
nylselanyl pyridines was described by reactions of organic disele-
nides with 2-chloropyridine using glycerol as solvent and H3PO2
as reducing agent. Using this methodology, a range of selenium
substituted pyridines was selectively obtained in high yields. The
system solvent/reducing agent glycerol/H3PO2 can be recovered
and utilized for further reactions without any pre-treatment.
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